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Why Neurosmence"

(a personal perspective)
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Ideas as to how it alI works

Nothing could be more
fundamental than understanding
how we under stand
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Why Neurosc1ence‘7
(A pragmatic perspectl.

Neural systems solve certain classes of S
anything we can create -!

They are tremendously adaptive and can deal W|th compl ex and
dynamic situations

We would like to be able to design similarly powerful systems
with diverse applications from autonomous robots and V|sual
recognition systems to neural prosthetics Pk
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Why are we aware (consci o
brain does?
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How Does The Brain |
And Interact With T :

=  What isthe nature of the
neural code(s)? (average
activity or precise timing,
correlated or independent...)

= How do we analyze the
complex function of biological
neural networks? (global
attractors, dynamical systems,
network theory...)

= What principles unify the
complex and diverse behaviour
of neural systems?




Neurons:. Basic Units of the *
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next narva cell

A neuron, complabe with axon, dandrites, and synapses._
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Mambranes potaniisl (my)

Neuron Signaling
Neurons communicate by stereotypic
(action potentials or &
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Spikes are the basis of a un
are the only signals transmitted
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A Central Problem in Neur :;;5..;;:_:5:;.:
to make sense of spike patés




General Approaches

a Information Theory (whereis
What spike pattern carries the mo ut
stimulus -._:_ L

0 Reverse Correlation (what IS the ir

4
II-I.I -I i n e ul )

|dentify aspects of the stimuli that drive neurons and
neural networks

0 Modeling (where, what and why is the

Information) How do we understand the desi gn of a
neural system R
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The Retina as a Model

Can be studied as an intact ar
system with well-defined Ing
and output (ganglion cell spi

No feedback connections frt )

K nown network anatomy (c :}i:i typesand
connections)

ldeal system for studying the neural code (if

universal principles exist they mlght be e\/ldent
nere)
Retinal prosthetic (return for at oy Mark
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What Does the Eye Tell

(if you could decode the optic

world look l1ke?)

Spike Rate Encodes Pix €

Input Image
But is spike rate the entire story...
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Ganglion cell spi ke—t




A Model of

Input Stimulation

Bipolar Cell
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Is Oscillatory Info
Reasonably Avall
Downstream Neur

« Single Stimulus Presentation

= Biological Time Scales (20 ’-. IIIIII o
response to 200ms for perceptue -‘- e s e e ot

Small Neural Populatmni@mts at proc ng) T
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Oscillations Locally
Contiguous and Fragn
Single-Trials

a)

Normalized Peak Power (% baseline)

Probability
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spike rate is a poor (I

b)

Probability

Rate (% baseline)
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Are Retinal ()scﬂlatl D1
by the Brain?

Do you ever get
the feeling
something bad’s
about to happen?

o

A definitive demonstration of the fu ?55?FZ:_f-'[f;s.sifif"?""
oscillations remains undone
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Oscillations Summar

- Using a computational model of ther
information about the presence of lar -
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locally to downstream neural systems
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. In our analysis we went beyond the charact terization of retina
spike-trains and asked whether oscnlator i formatlon |s

available to downstream neurons in a reasonable manner.

- Necessary but not sufficient condition for the use of retinal
oscillations by the early visual processing regions of the brain .
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Conclusions

O We explored the possible encoding roles
oscillations in the retina and found .1*
a local neural label, signalling that th
alarger visual feature. {

We identified a possible phase trans 1
trains of the retina. We have shown
transition in the input image is accorn c,-
In the average power of our model retina.
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Neural systems, rich in complexity and relevance, provide a

challenging and exciting arena in which to apply the techniques
and philosophies of physics. Physics and Neuroscience boIh
greatly benefit from this cross-fertilization. '
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